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In ground-based GPS meteorology, GPS signal propagation through the atmosphere 49 is slowed, thus causing path delay on the GPS measurements, which is termed (Niell, 1996) . Both ZWD and SWD are related to atmosphere water vapor, and thus 59 precipitable water vapor (PWV) and slant water vapor (SWV) can be derived from 60 ZWD and SWD using the humidity conversion coefficient (Song, 2004 ).
61
ZHD is usually estimated in GNSS meteorological research using the Saastamoinen variable to obtain high-precision humidity conversion coefficient (Mateus et al., 2014 ).
65
T m will differ significantly as the season varies and the region changes (Jin et al., 66 2008). It can be determined by the surface temperature measurement, which is 67 provided by a radiosonde product or other meteorological data analyses (Bevis et al., 
69
In space-based GNSS meteorology, GNSS radio occultation (RO) is regarded as a 70 Ann. Geophys. Discuss., https://doi.org/10.5194/angeo-2018-37 Manuscript under review for journal Ann. Geophys. To improve the accuracy of water vapor derived using the GNSS technique, we 89 optimized several key techniques for GNSS tomography. First, we precisely derived 90 the T m model using wetPrf profiles, then determined the regional humidity conversion than those of the traditional method with radiosonde data.
98
The rest of this paper is organized as follows. Section 2 introduces the principles of 99 GNSS tomography and the optimized technique for establishing the atmospheric 100 weighted average temperature model and deriving the scale height of water vapor.
101
Section 3 describes the data processing. Section 4 presents the validation of the 102 optimized method, and the quality control process for the tomography results. The 103 discussions and conclusions are given in Section 5.
104

2．GNSS Tomographic formulation
105
In this section, we first introduce the GPS tomography model. We then illustrate the 106 optimized techniques for the ZHD model and the humidity conversion coefficient 107 determination. Finally, we present the constraint model. 
Tomographic technique
109
To reconstruct 3D images of water vapor density distributions, the SWV along ray 
152
The horizontal constraint is the Gauss distance weighting function (Song, 2004) , as 153 follows: water vapor grids; and δ denotes the smoothing factor, which will change at different 159 levels. Section 3.3.1 explains how to estimate δ.
160
The vertical distribution of water vapor does not follow the ideal-gas law, 
where ρ(h) is the water vapor density at the height of h; ρ 0 is the water vapor density at 167 the height of h 0 ; and H we is the scale height of water vapor. ρ 0 , h 0 and H we can usually 168 be determined using radiosonde or COSMIC historical data. In this case, the estimated 169 ρ(h) is only an experience value and will have a greater error than the true value.
170
Therefore, we propose a new method to estimate ρ(h) and H we in near-real-time.
171
Based on Eq. (2) and the Niell mapping function (Niell, 1996) , ZWD can be 
The parameter H we can be derived in real-time using Eq. (13 
represents the water vapor value of datum voxel (i,j,k).
185
The priori humidity information can be used for the background field of troposphere 186 tomography, and will enhance the computing speed and tomography accuracy. The 187 synoptic observation data include the atmosphere pressure, atmosphere temperature, 188 and relative humidity observed in the station and the atmosphere temperature and 189 relative humidity can be interpolated into all of the voxels using Eqs. (10) and (14).
190
Thus, the water vapor density of every voxel can be calculated (Jiang et al., 2014) . 
240
The weighted average temperature T m is obtained using Eq. 
260
The statistical results comparing the model-derived and COSMIC-derived T m are 261 given in Table 1 . We provide a summary of the T m deviation between 262 radiosonde-derived and model-derived data in Table 2 . each level, and we defined the mean of δ as the smoothing factor of the level. water vapor is used as references to assess the water vapor calculated using Eq. (11).
308
The statistical results are given in Table 4 using the "45004th" radiosonde station (lat: As shown in Table 4 , the water vapor density derived from the H we obtained using 316 the new technique and Eq. (11) is closer to the radiosonde-derived water vapor density.
317
Therefore, it is more reasonable to use the H we obtained using the new technique and 
17
were estimated using the Saastamoinen mode. The SWV was then obtained using the
323
Niell mapping function (Niell, 1996) and the calibrated humidity conversion 324 coefficient. The WVLT was determined as 9.5 km from COSMIC historical data and However, when the "inversion layer" occurs, GPS tomography cannot accurately 360 reflect this situation. In Table 5 We also studied the differences in the entire humidity profile between the 378 tomography-derived and radiosonde-derived results. We used the root mean square Table 6 . As shown in Table 6 , the success rate of the optimized technique is nearly 10%
394
higher than that of the traditional technique, and the degree of improvement is evident.
395
In fact, the principles of radiosonde and GPS tomography techniques are different. 
